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(54) Porous polymer particles 

(57) Porous polyvlnylarene particles having a 
apparent density do of 600 to 200 kg/m^, which particles 
contain 2.0% by weight or less, based on the amount of 
polyvinylarene, of a volatile organic blowing agent. The 
invention also relates to a process for the preparation of 
these particles as well as to the use of these particles In 
the preparation of expanded particles arKi foamed arti- 
cles. 
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Description 

[0001] The present Invention relates to porous poly- 
mer particles and a process for their preparation. In par- 
ticular, the invention relates to porous polyvinylarene 
particles, which can be expanded to foamed articles. 
[0002] For many years it has been known that parti- 
cles of polyvinylarenes, such as polystyrene, can be 
rendered expandable and that the particles thus 
obtained can be used in the preparation of foamed arti- 
cles. In this respect reference is made to, e.g., US pat- 
ent No. 2.681,321 which discloses a process in which 
polystyrene particles are exposed to liquid hydrocar- 
bons and treated such that the liquid hydrocariaon Is dis- 
persed in the polystyrene particles. Particles thus 
prepared contain generally 4 to 8 %wt of such liquid 
hydrocarbon blowing agent such as butane, n-pentane 
or mixtures of pentanes. These particles can then be 
expanded to beads with a reduced density. Apparent 
densities for packaging parts typically are 20 to 60 
kg/rvP. Once expanded, the particles are fused in a 
steam-heated mould to yield a foamed article of a 
desired shape. 

[0003] One of the factors that influence the expansion 
of the polystyrene particles is the amount of hydrocar- 
bon blowing agent. From Kirk Othmer. Encyclopedia of 
Chemical Technology, third edition. Volume 21, page 
838. it can be read that the density of particles contain- 
ing 5.7 %wt n-pentane is typically 1080 kg/m^, com- 
pared to a value of 1050 kg/m^ for pure polystyrene 
beads and compared with a calculated density of 1 020 
Ugfrr? for a simple mixture in which the n-pentane is dis- 
solved in polystyrene. If all pentane would be in voids 
the calculated density would be 1 1 20 kg/m^. Thus it has 
been suggested that part of the hydrocarbon blowing 
agent is present in little voids in the polystyrene. The 
skilled man will appreciate that the above densities are 
particle densities, which can be recalculated to appar- 
ent densities. A particle density of 1080 kg/rrP corre- 
sponds to an apparent density of around 720 kg/m^. 
[0004] A drawback of the present practice is that dur- 
ing the transport and storage of the unexpended parti- 
cles the volatile organic blowing agent may evaporate 
from the particles, in particular from the voids. When the 
partides are transported and/or stored at varying tem- 
peratures and/or duration, the amounts of e.g. pentane 
retained may vary significantly. Apart from extra safety 
measures that have to be taken during transport, it will 
be appreciated that such a variation may have an effect 
on the resulting foam otjtained after expansion. 
[0005] Furthermore, the expansion process itself also 
causes that organic blowing agents originally present in 
the unexpanded particles are emitted into the environ- 
ment. In order to reduce the emissions, complicated 
equipment has been developed to collect the emitted 
blowing agent for further handling, e.g. combustion. 
This equipment is to be Installed in the facilities of the 
end-user of the particles, i.e. the customer who pro- 



duces the foamed articles. This requires additional 
expertise and investments with these customers. 
[0006] It has therefore become an objective of this 
invention to prepare polyvinylarene particles that can be 
5 expanded but do not have the safety, environmental and 
foam-related problems. 

[0007] From GB patent No. 1 , 1 06. 1 43 and PCT appli- 
cation No. WO 98/01 489 it is known that water may also 
be used as blowing agent. Although such particles cir- 

10 cumvent some of the problems mentioned, one of the 
drawbacks of such particles is that water is less volatile 
than most conventional blowing agents. Therefore, spe- 
cific measures need to be taken to stimulate the evapo- 
ration of water in order to arrive at a suitable 

15 expandability In GB patent No. 1 , 1 06, 1 43 specific refer- 
ence is made to the fact that an additional volatile 
organic blowing agent needs to be added to obtain a 
satisfactory expandability. 

[0008] So the inventive concept came up to prepare 

20 high<iensity expandable polyvinylarene particles, which 
could then be expanded using an innocuous blowing 
agent. However, the known high-density particles still 
contain a relatively high amount of volatile organic blow- 
ing agent. In this respect reference is made to US pat- 

25 ent No. 3,973,884 describing polymer beads with a 
relatively high density. The patent specifically describes 
that for the production of polystyrene particles for 
higher-density applications it is possible to use relatively 
less of pentane or other blowing agent than has been 

30 used in particles for low-density applications. However, 
the patent continues that the difference is small and that 
in particles for low-density applications the pentane 
content may be 6-7.2% by weight, whereas for high- 
density applications polystyrene particles contain 5.8 to 

35 7.0% by weight pentane. When these particles are 
expanded to relatively high densities, only a small 
amount of pentane will be needed for the expansion. 
Consequently, the resulting high density particles will 
still contain about 4.3 to 5.5% by weight pentane. 

40 [0009] The current invention now provides a particle 
that avoids all drawbacks mentioned atx>ve. Accord- 
ingly, the present invention provides porous polyviny- 
larene particles having a apparent density do of 600 to 
200 kg/m^. which particles contain 2.0% by weight or 

45 less, based on the amount of polyvinylarene, of a vola- 
tile organic blowing agent 

[001 0] it will be evident that these particles have erad- 
icated all above-mentioned problems. Because the 
amount of volatile organic blowing agent is 2.0% by 
50 weight or less, the majority, if not all , thereof is dissolved 
in the polymer matrix, so that it does not readily evapo- 
rates. 

[001 1 ] The porous polyvinylarene particles according 
to the present invention are typically pre-expanded par- 
55 tides. That entails the advantage that the particle 
already has a certain pore (cell) structure. Because the 
pre-expansion has been conducted such that the appar- 
ent density ranges from 600 to 200 kg/m^, the pores are 
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relatively small and the volume increase compared with 
theiunexpanded particle is very small so that the trans- 
portation costs have not become prohibitive. Suitably, 
the apparent density ranges from 530 to 250 kg/m^. 
Typically, this means that the volume of the pre- 
expanded particle may have increased by from about 
1 .5 to less than 3 times compared to the volume of the 
original unexpanded particle. This way, the volume 
increase has not become such that the transportation 
costs outweigh the advantages. The pores are suitably 
such that the average pore size is from 5 to 100 ^m, 
preferably from 5 to 60, most preferably 10 to 40 jim. 
The average pore size is measured by cutting the parti- 
cles half way through and imaging the samples with a 
JEOL JSM T220A Scanning Electron Microscope, using 
10 keV beam energy, 8-38 mm continuously working 
distance, secondary electron imaging, and 5 nm resolu- 
tion. The average particle size of the particles is gener- 
ally not much bigger than the con^esponding 
unexpanded polyvinylarene particle. 
[001 2] The amount of volatile organic blowing agent in 
the particle according to this invention is 2.0% by weight 
or less, based on the arhount of polyvinylarene. Prefer- 
ably, the amount of organic blowing agent is less than 
1 .5% by weight. Most preferably the amount of volatile 
organic blowing agent is as low as possible, e.g. less 
than 1.0% by weight Volatile organic blowing agents 
are well known in the art and are typically C2-C5 
aliphatic organic blowing agents, such as propane, 
butane, pentane, hexane, cyclohexane or halogenated 
organic blowing agents. . 

[001 3] Advantageously* the polymer particles accord- 
ing to the present invention will contain less than 3.0% 
by weight, based on the amount of polyvinylarene, of 
water. This amount of water is typically just the maxi- 
mum amount that remains after a conventional suspen- 
sion polymerisation. Contrary to the teachings of GB 
patent No. 1,106,143 and PCT application No. WO 
98/01489, no specific measures have to be taken to 
hold extra water in the particles. Preferably, the amount 
of water is less than 1.5% by weight, most preferably 
less than 0.5% by weight. 

' [0014] The porous particles according to the present 
invention can be prepared in several ways. A possible 
way would be to pre-expand conventional expandable 
polyvinylarene particles to an apparent density of 
between 600-200 kg/m^ and to subject these to vacuum 
and/or heating to evaporate the (relatively targe) excess 
blowing agent However, it is desirable to pre-expand 
expandable polyvinylarene particles containing less 
blowing agent. Accordingly, it is preferred to prepare the 
porous particles according to the invention by using a 
process in which expandable polyvinylarene particles 
containing from 0.5 to 4.0% by weight of a Cg-Cs 
organic blowing agent, based on polyvinylarene, are 
pre-expanded to a apparent density of 600 to 200 
kg/m^. More preferably, the porous particles according 
to the invention are prepared by using a process in 



which expandable polyvinylarene particles containing 
from 0.5 to 2.0% by weight of a volatile organic blowing 
agent, based on polyvinylarene, are pre-expanded to a 
apparent density of 600 to 200 kg/m^. 

5 [001 5] Alternatively, it has been found that the porous 
polymer particles may also be prepared by expansion of 
the particles obtained, by a process as described in 
Applicant's co-pending application, internal reference 
TS 6627. Herein, compact polyvinylarene polymer par- 

10 tides are impregnated by an inorganic N2- and/or O2- 
containing gas at a temperature below 95 ^'C and at a 
pressure of 100 to 2,000 kPa Gauge, to yield expanda- 
ble polyvinylarene particles. 

[0016] Expandable polyvinylarene particles from 

75 which tiie porous particles according to the present 
invention may be obtained, can be prepared by various 
methods. These include bulk polymerisation, solution 
polymerisation and suspension polymerisation tech- 
niques. The polymerisation reaction itself may be initi- 

20 ated thermally, via free radical polymerisation or via 
anionic polymerisation. The blowing agent may be 
added before, during or after the polymerisation. Apart 
from hydrocarbons, e.g. C2-C6 hydrocarbons or halo- 
genated hydrocartx>ns. and water, other blowing agents 

25 may also be used. Examples are inorganic blowing 
agents, such as carbon dioxide or. in the case of Appli- 
cants co-pending application TS 6627. inorganic N2- 
and/or 02-containing gases. Further examples are so- 
called chemical blowing agents, i.e. compounds that 

30 release gaseous components upon heating. The latter 
compounds are usually, solid and are particularly used 
in bulk polymerisation techniques. Examples are e.g. 
carbon dioxide or nitrogen-liberating solid compounds. 
[0017] In bulk techniques, the polymerisation is car- 

35 ried out in a conventional way to obtain small particles 
(nibs) which have been inpregnated with a blowing 
agent. In the present invention, this impregnation is 
preferably can-ied out with 0.5 to 4% by weight of a C2.6 
organic blowing agent, more preferably with 0.5 to 2.5% 

40 by weight of a C2-6 organic blowing agent. 

[0018] Advantageously, the expandable particles are 
prepared In a suspension polymerisation process in 
which vinylarene is polymerised in aqueous suspension 
in the presence of from 0.1 to 1% by weight of a free 

45 radical initiator, wherein a C2.6 organic blowing agent is 
added before, during or after the polymerisation, 
wherein the amount of blowing agent is from 0.5 to 4% 
by weight, based on the amount of vinylarene, to yield 
expandable polyvinylarene particles. More preferably, 

so the expandable particles are prepared in such a proc- 
ess, wherein the amount of blowing agent is from 0.5 to 
2.5% by weight, based on the amount of vinylarene. For 
the suspension polymerisation many methods and initi- 
ators are known. In this respect reference is made to, 

55 e.g.. US patent Nos. 2.656.334 and US-A 3.817.965. 
and European patent application No. 488.040. The initi- 
ators mentioned therein are also applicable in the prep- 
aration of the particles of the present invention. In 
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particular suitable are organic peroxy compounds, such 
as peroxides, peroxy carbonates and peresters. Typical 
examples of these peroxy compounds are 05.20 acyl 
peroxides, such as decanoyi peroxide, benzoyl perox- 
ide, octanoyi peroxide, slearyl peroxide, peresters. such 5 
as t-butyl perbenzoate. t-butyl peracetate, t-butyl 
perisobutyrate, hydroperoxides and dihydrocarbyl per- 
oxides, such as those containing hydrocarbyl moi- 
eties, including di-isopropyl benzene hydroperoxide, di- 
t-butyl peroxide, dicumyl peroxide or combinations 10 
thereof. Other initiators different from peroxy com- 
pounds are also possible, e.g., a.a-azobisisobutyroni- 
trile. 

[001 9] The suspension polymerisation is suitably car- 
ried out in the presence of suspension stabilisers. Suit- is 
abie suspension stabilisers are well known in the art 
and comprise poly( vinyl alcohol), gelatine, agar, polyvi- 
nyl pyrrolidine, polyacrylamide. inorganic stabilisers 
such as alumina, bentonite. magnesium silicate or 
phosphates, like tricalciumphosphate and/or disodium- 20 
hydrogen phosphate, optionally in combination with any 
of the stabilising compounds mentioned earlier. The 
amount of stabiliser may suitably vary from 0.1 to 0.9 
%wt, based on the weight of the aqueous phase. 
[0020] The suspension polymerisation is suitably car- 25 
ried out at two temperature stages, in which the temper- 
ature in the first stage Is from 85 to 1 10 *C and in the 
second stage is from 11 5 to 1 40 **C. 
[0021] The expandable polyvinyarene particles suita- 
ble have an average particle size of 0.2-3.0 mm. In 30 
order to pre-expand them, these particles will be 
exposed to a temperature where the pdyvinylarene will 
plasticize, and cause the evaporation of the blowing 
agent This will result in a small pre-expansion of the 
expandable polyvinylarene particles into the particles of 35 
the present invention. This pre-expansion can be car- 
ried out by several methods. Suitable well known meth- 
ods include the use of oil baths, infra red or microwaves 
or steam. Steam may be used of tenrperatures of 100 to 
168 "C at pressures of 0 to 600 kPa Gauge, depending 40 
on the presence of additives and/or other polymers in 
the expandable polyvinylarene particle. In the case of 
polystyrene, it is preferred to use saturated steam of a 
temperature of 1 00- 1 25 at pressures of 0 to 230 kPa 
Gauge. The expandable particles may also be pre- 45 
expanded by exposing them to warm water. This 
method is preferred. In this embodiment the water suit- 
ably has a temperature of from 60 to 100 '•C and the 
exposure has a duration of 5 to 1 20 min. 
[0022] The vinylarene comprised in the porous poly- so 
mer particles of the present invention consists prefera- 
bly mainly of styrene. The polyvinylarene may contain 
up to 10% mole of another vinyl-group containing mon- 
omer, such as acrylonrtril. acrylic or methacryllc acid or 
esters, substituted styrene. such as chlorostyrene, or a- 55 
methyl styrene. or divlnylbenzene. However, preferably 
the vinylarene in the polyvinylarene consists for more 
than 99% mole of styrene. More preferably, the polyvi- 



nylarene is polystyrene. ^ 
[0023] It may be advantageous to polymerise the viny- 
larene in the presence of other polymers such as 
polyphenylene oxide. These other polymers may be 
added before or during the polymerisation reaction, or 
may be formed in-situ previous to the start of polymeri- 
sation of vinylarene. Suitable polyphenylene oxides 
have been described in EP-A-350137, EP-A-4P3023 
and EP-A-391499. The polyphenylene oxide is prefera- 
bly present in an amount between 1 and 30 wt%, based 
on the amount of vinylarene, and may improve the rigid- 
ity of the polyvinylarene polymer. 
[0024] The expandable and/or porous polyvinylarene 
particles may contain various conventional additives. 
Such additives Include chain transfer agents, cross-link- 
ing agents and nucleating agents. Suitable examples of 
chain transfer agents are Cg.is alkyi mercaptans such 
as n-dodecyl mercaptan, t-dodecyl mercaptan. t-butyl 
mercaptan and n43utyl mercaptan. Other agents are 
pentaphenyl ethane and the dimer of a- methyl styrene. 
Examples of cross-linking agents are butadiene and 
divlnylbenzene. Examples of nucleating agents are 
polyolefin waxes, in particular polyethylene waxes hav- 
ing a weight average molecular weight of 500 to 5.000. 
which are typically finely divided through the polymer 
matrix in a quantity of 0.01-1.0% by weight, based on 
the amount of vinylarene. preferably from 0.1 to 0.5% by 
weight. Further examples of nucleating agents are talc, 
organic bromide-containing compounds, polar agents 
as described in e.g. WO 98/01501 which comprise e.g. 
starch, and starch modified by esterification or etherifl- 
cation, and emulsiflers as described e.g. WO 98/01488 
and WO 98/01489 which comprise bisalkylsulphosucci- 
nates. sorbitol-Cs-C^o-carboxylates, and Cs-Cao-alkylx- 
yiene sulphonates. Nucleating agents are particularly 
useful because they tend to improve the formation of 
cells. 

[0025] The expandable and/or particles may also con- 
tain anti-static additives, flame retardants, dyes, filler 
material, stabilisers, plasticlzers, such as white oil, and 
lubricants. The particles are suitably coated with coat- 
ing compositions comprising silicones or metal or glyc- 
erol cart»oxylates. Suitable cartx)xylates are glycerol 
mono-, dl- and tri-stearate. and zinc stearate and mix- 
tures thereof. Examples of such compositions have 
been disclosed in GB patent No. 1 409 285. The coating 
compositions have been applied to the particles via dry- 
coating in a ribbon blender or via a slurry or solution in 
a readily vaporising liquid. 

[0026] Contrary to conventional high density polyviny- 
larene particles, the particles according to present 
invention are practically non-expandable. This means 
that when exposed to conventional expansion condi- 
tions, i.e. exposure to saturated steam over atmos- 
pheric pressure to reach a final temperature of 105 **C 
for 30 seconds, the particles of the present invention 
expand to an apparent density which is at most three 
times lower than d©. Preferably, tiie particles according 
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to the present invention expand under these conditions 
to a density of at most two times lower than d©. 
[0027] In order to render the particles of the present 
invention sufficiently expandable, they can be impreg- 
nated by a blowing agent Accordingly, the present 5 
invention also provides the use of the porous particles 
according to this invention in the preparation of 
expanded particles and foamed articles. Preferably, the 
blowing agent to be impregnated is an inorganic gas. As 
already explained above, the volume of the pre- io 
expanded particle may have increased by from about 
1 .5 to less than 3 times compared to the volume of the 
original unexpanded particle. This ensures that the 
pores in the pre-expanded particle are of such a size 
that a reasonable amount of inorganic gas can be i5 
impregnated into the voids of the particles. "Inorganic" 
means that the impregnating gases may contain at most 
1% by volume, based on the volume of the gas, of 
organic compounds, preferably at most 0.5% by vol- 
ume. Most preferably, the inorganic gases do not con- 20 
tain any organic compounds. 

[0028] An example of a suitable inorganic gas is car- 
bon dioxide. However, this interferes with the polyviny- 
larene matrix. Like many commercial blowing agents It 
dissolves to some extent into the polymer matrix. This 25 
means that for some applications it will have to be 
removed with effort in view of potential negative effects, 
e.g. in the field of safety, health or toxicology. Cartoon 
dioxide, also being a well-known green house gas. is 
therefore not preferred. Preferred are inorganic gases 30 
that have no such a negative effect and that show less 
interaction with the polymer matrix. Examples of such 
gases are inorganic Ng- and/or Og-containing gases, 
helium, neon and argon. More preferably, the inorganic 
gas used for the impregnation is selected from inorganic 3S 
N2 and/or O2 containing gases. ITiese gases suitably 
contain more than 90% by volume, based on the volume 
of the gas, of N2 and/or O2, niore suitably more than 
95% by volume. Most preferably, the gas is nitrogen or 
air. Not only do these gases hardly interfere with the pol- 40 
ymer matrix, but they are also effective and cheeqp and 
have no negative environmental or health impact. 
[0029] The impregnation can be conducted in many 
ways. However, it is preferred to impregnate the parti- 
cles according to this invention by an inorganic gas by 45 
exposing the particles to the gas at temperatures rang- 
ing from 0 to 95°C. In this way the voids in the particles 
are filled with the gas without the polyvinylarene being 
heated such that it deforms. Such deformation might 
have a detrimental effect on the structure and properties so 
of the voids and thereby it would have a negative impact 
on the expandability of the resulting impregnated parti- 
cles. Moreover, the low temperature ensures that the 
particles remain free flowing and do not stick to each 
other, which might occur if the impregnation would be ss 
conducted at higher temperatures. Preferred tempera- 
ture ranges are from 0 to 50 "C, more preferably from 1 0 
to 30 ''C. Most preferably, the temperature used is room 



temperature. 

[0030] The impregnation is suitably such that in the 
pores of the porous particle a pressure of 100 to 1.500 
kPa Gauge is achieved. Preferred pressures in the 
pores are between 200 and 1,000 kPa Gauge, more 
preferably between 300 and 800 kPa Gauge. Lower 
pressures than 100 kPa Gauge would mean that the 
voids would merely be filled with gas. e.g. nitrogen or 
air, at about atmospheric pressure. Such a replacement 
would result in a insufficient expansion, if any. Pres- 
sures higher than 1 ,500 KPa Gauge are possible; but 
these are undesiratDle for economical and safety rea- 
sons. The external pressure applied, needed to estab- 
lish the desired pressure in the pores, is preferably of 
100 to 2,000 KPa. Although it is possible to use higher 
external pressures, this would require better equipped 
pressure vessels and it would maKe sampling more dif- 
ficult. Preferably, the maximum external pressure 
employed is 1.500 kPa. Suitably, the external pressure 
applied is the same as the desired pressure in the pores 
of the porous particle. 

[0031] After Impregnation with a blowing agent, the 
impregnated particles obtained are suitably expanded 
to a apparent density of at least three times lower than 
do. Preferably, the impregnated particles are expanded 
to a density of at least 5 times bwer than do. Although 
the expansion can be conducted to any apparent den- 
sity desired, it is practical to conduct the expansion to 
an apparent density which is up to 40 times, more pref- 
erafc)ly up to 20 times lower than do. The expansion can 
be carried out by the same methods as described for 
the pre-expansion. Preferred is the use of steam as 
expansion method. The expanded particles are subse- 
quently fused together in mould to yield foamed articles. 
[0032] The present invention will be further illustrated 
by the following, non limiting^ examples. 

EXAMPLES 

[0033] All apparent densities were measured in 
accordance with the following method: 
[0034] A cylindrical cup of 1 000 cm^ +/- 2 cm^ capac- 
ity, having an inside diameter of 66 mm and a height of 
293 mm was weighed to the nearest 0.1 gram (atmos- 
pheric pressure, room temperature). Subsequently, the 
cup was filled with polyvinylarene particles. A perfectly 
flat metal scrapper was used to tap three times against 
the side of the cup and subsequently to scrape off the 
excess material on the top of the cup. without shaking 
the cup. The material in the cup was weighed to the 
nearest 0.1 gram and the weight of the polyvinylarene 
particles in grams of 1 cm^ was calculated and con- 
verted to kg/m^. 

[0035] All pentane contents were measured with gas 
chromatography using N-hexane as the internal stand- 
ard. 

[0036] All water contents were measured in accord- 
ance with the Karl Fischer method. 
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Example 1 

Preparation of EPS particles 

[0037] Polystyrene particles were prepared by a sus- 
pension polymerisation process. Hereto. 4.000 gram 
demineralised water (4 litre), 3680 gramstyrene (4 litre), 
conventional suspension stabilisers, 0.25 %wt, based 
on the weight of styrene. of a polyethylene wax. and 
0.25 %wt white oil were mixed at a stirring rate of 
475rpm. The polymerisation was started by raising the 
temperature to 86 °C and by addition of peroxide initia- 
tors (0.65 %wt). In addition. 0.05 %wt dimer of a-meth- 
ylstyrene was added. After around 6 hours. 81 gram 
pentane (mixture of 75 %wt n-pentane and 25 %wt iso- 
pentane) was added and the temperature was raised to 
around 120 **C where it was kept during 2 hours. After 
finishing the polymerisation, the reaction mixture was 
cooled. 

[0038] The resulting polystyrene particles contained 
2.1% by weight pentane, based on the weight of the pol- 
ystyrene, they had a particle size in the range of 0.4-0.7 
nrm, arxJ a polyethylene wax content of 0.25% by 
weight, based on the weight of polystyrene. 

Pre-expansion 

[0039] The polystyrene particles were placed in a 
water bath of 100 ''C for 900 seconds. Subsequently, 
they were dried at 60 for 15 minutes. The resulting 
pre-expanded particles had a bulk density do of 500 
kg/hfi^, a pentane content of 1 .77% by weight, based on 
the weight of polystyrene, and a water content of 0.2% 
by weight. 

Expansion 

[0040] The pre-®(panded polystyrene particles were 
placed In a KURTZ KV450 batch steam expander, using 
steam over atmospheric pressure to reach a final tem- 
perature of 105 ^'C. The expansion time was 30 sec- 
onds. The particles expanded to a bulk density d of 362 
kg/hi^. The calculated ratio do/d was 1 .4. 

Examole 2 

[0041] The procedure according to Example 1 was 
repeated with the exception that the polystyrene parti- 
cles were pre-expanded in a KURTZ KV450 batch pre- 
expander. using a steam pressure of 80 kPa Gauge at a 
temperature of 1 17 for 15 seconds. 
[0042] The resulting pre-expanded particles had a 
bulk density d© of 536 g/l, a pentane content of 1 .92% 
by weight, based on the weight of polystyrene, and a 
water content of 0.1% by weight. 
[0043] After being placed in the KURTZ KV450 batch 
steam expander the pre-particles expanded to a bulk 
density d of 427 kg/m^. The calculated ratio d^d was 
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Example 3 

5 [0044] The procedure according to Example 1 was 
repeated with the exception that the polystyrene parti- 
cles were pre-expanded in a KURTZ KV450 batch pre- 
expander. using a steam pressure of 80 kPa Gauge, at 
a temperature of 117 "^C for 45 seconds. The resulting 

10 pre-expanded particles had a bulk density do of 256 
kg/m^. a pentane content of 1 .77% by weight, based on 
the weight of polystyrene, and a water content of 0.1% 
by weight. 

[0045] After being placed in the KURTZ KV450 fcatch 
15 Steam expander the pre-particles expanded to a bulk 
density d of 124 kg/m^. The calculated ratio do/d was 
2.1. 

Example 4 

20 

[0046] The procedure according to Example 1 was 
repeated with the exception that in the suspension 62 
gram pentane was used. The resulting polystyrene par- 
ticles contained 1 .6% by weight pentane and had a par- 

25 tide size in the range of 0,7-0.9 mm. The amount of 
polyethylene wax was 0.25% by weight. 
[0047] Subsequently, the polystyrene particles were 
pre-expanded in a KURTZ KV450 batch pre-expander, 
under a pressure of 40 kPa Gauge at a temperature of 

30 1 09 for 20 seconds. The resulting pre-expanded par- 
ticles had a bulk density do of 350 kg/m^. a pentane 
content of 1 . 1% by weight, based on the weight of poly- 
styrene, and a water content of 0.1% by weight. 
[0048] Subsequently, the pre-expanded particles were 

35 placed in the KURTZ KV450 batch steam expander for 
30 seconds using a steam pressure over atmospheric 
pressure to reach a final temperature of 1 1 5 '^C instead 
of 1 05 **C. The particles expanded to a bulk density d of 
125 kg/m^. The calculated ratio do^d was 2.8. 

40 

Comparative Experiment 

[0049] Expandable polystyrene particles were pre- 
pared according to the method of Example 1 , with the 

45 exception that 267 gram pentane was used instead of 
81 gram. The resulting polystyrene particles contained 
6.2% by weight pentane. they had a particle size in the 
range of 0.4-0.7 mm and contained 0.25% by weight of 
a polyethylene wax. 

50 [0050] Subsequently, the polystyrene particles were 
pre-expanded by placing them in a water bath with a 
temperature of 70 **C for 600 seconds. The resulting 
pre-expanded particles had a bulk density do of 520 
kg/m^. a pentane content of 5.9% by based on the 

55 amount of vinylarene and a water content of 0.15% by 
weight. 

[0051] After being placed in the KURTZ KV450 t>atch 
steam expander under the conditions of example 1. the 
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particles expanded to a bulk density d of 14.9 kg/m^. 
The calculated ratio do/d was 34.9. 

Claims 

1 . Porous polyvinylarene particles having an apparent 
density d© of 600 to 200 kg/m^. which particles con- 
tain 2.0% by weight or less, based on the amount of 
polyvinylarene, of a volatile organic blowing agent. 

2. Particles according to claim 1 . which have a appar- 
ent density of 530 to 250 kg/m^. 



3. 



Particles according to claim 1 or 2, which contain 
less than 3.0% by weight, based on the amount of 
polyvinylarene, of water. 

Particles according to any one of claims 1 to 3, 
which when exposed to saturated steam over 
atmospheric pressure to reach a final temperature 
of 105 ""C for 30 seconds, expand to an apparent 
density which is at most three times lower than do- 



5. Particles according to any one of claims 1 to 4, 
which have pores with an average pore size of 5 to 
100 ^im. 

6. Particles according to any one of claims 1 to 5, in 
which the polyvinylarene is polystyrene. 

7. Particles according to any one of claims 1 to 6, 
which further contain a nucleating agent 

8. Process for the preparation of porous polyviny- 
larene particles. In which expandable polyviny- 
larene particles containing from 0.5 to 4% by weight 
of a C2-6 organic blowing agent, based on polyviny- 
larene. are pre-expanded to an apparent density of 
600 to 200 kgfvrp. 

9. Process according to claim 8 in which the expanda- 
ble polyvinylarene particles are prepared in a sus- 
pension polymerisation process in which vinylarene 
is polymerised in aqueous suspension in the pres- 
ence of from 0.1 to 1% by weight of a free radical 
initiator, wherein a C2.6 organic blowing agent is 
added before, during or after the polymerisation, 
wherein the amount of blowing agent is from 0.5 to 
4% by weight, based on the amount of vinylarene, 
to yield expandable polyvinylarene particles. 



exposure has a duration of 5 to 1 20 min. 

12- Use of the particles of claims 1 to 8 in the prepara- 
tion of expanded particles and foamed articles. 
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10. Process according to claims 8 or 9, in which the 
pre-expansion of the expandable polyvinylarene 
particles is effected by exposing them to warm 
water. . 55 

11. Process according to daim 10, in which the water 
has a temperature of from 60 to 100°C and the 
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